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(57) ABSTRACT

Systems and methods for estimating a cell center location 1n
a wireless communication system having an interface to a
satellite positioning system (“SPS”) such as for example, a
Geosynchronous Positioning System (“GPS”). The wireless
communication system provides service to mobile stations
within a cell, each mobile station includes a SPS receiver.
Examples of the systems and methods for estimating a cell
center location analyze the mobile station locations inacell as
a uniform distribution of mobile station locations and calcu-
late a statistical measure characterizing the mobile station
locations as a function of the mobile station locations. In one
example, the statistical measure 1s a maximum likelihood
mobile station location. In another example, the statistical
measure 1s the mean mobile station location 1n the cell. The
estimated cell center location may be used to approximate the
location of the mobile station during a warm or cold restart of
the SPS recerver part of the mobile station.

26 Claims, 13 Drawing Sheets
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FIGURE 6A




89 4104

US 8,165,607 B2

" @ | Jaunad dod) exregna
aINOW 0 444 Bl Buisn e % 55d = b snipes e auunxag
g6 anb)§ u] o0s pogau: Buen

UOE00| Jajad j|po pajeiuyss

9£9

er,
y—
I~
= | “1 oy 39< pue | 120 A
= | bruchenq) suso 2o peeumse By
= LY 1SSL3IE] St IELY) UoREs alqoil
@ alg pue ") a0 JO0 pajewgsd
z VES
3 | '{§83 ) u| uoheEls auqow
m ' yoee pue P s8ju00 (9o paewnss
o B USaNiaq SATUEISTR 9 pui
< ra
-
= 7 aypuap)
< 139 Buney v suocpeys S)iqown ge 10

SdS Aq paujuLaeg suoneacst IR0

ge9

U.S. Patent



U.S. Patent Apr. 24, 2012 Sheet 10 of 13 US 8,165,607 B2

710

FIGURE 7A




g. JHNoIld

US 8,165,607 B2

o
\ o
-~
O .__-F._.— E
o
— PALUSH BFMIO B DPEAY SLONES
W 8{Mqjow) I % d BtR GuEn
= g6 2m6b)4 U] g5 powat Buysn
7 A g LOGEQD) JALRD 1|30 PHREURSD
jo uapeno|ed |Eadag)
@
o
—
g
.4-._,..
g
S
=3
-«

N\

U.S. Patent

‘1 g2
u| SUDjErs BEQOW I 904 Bupgeuro
AL B E2ULRP JBE ) Shipel
e 0} 15350P S! JEL3 UCHES 3Ot
a1 pub ¢ =ua0 gao pAeEnse
B3 UBBAYS SOURIST S} DU

" O} Jas pUE | |0 Y.

t] LOP OOy JA0LIG0 |80 DAELLSES B

WO ISaIES S el Uojjeis ofhaow

alj) pue Ty a0 |30 palElLRsD
Y] USAWAG FOUESIP 1P Pin

vEL

1330 34} 18 LOERYS SEQOW
yoes pue B s (so pajeuRss

BY) LSBMIB] SEOUESIP 1§ pul4
eEL

¥ 3D HNUBPY
A0 Gney A SUOIES SHJOLD |[B 108
Sd$ Aq paliuapap suogead) WEqo

Ot L

=0



U.S. Patent Apr. 24, 2012 Sheet 12 of 13 US 8,165,607 B2

<
-
o0

FIGURE 8




US 8,165,607 B2

Sheet 13 0of 13

Apr. 24, 2012

U.S. Patent

Cc16

6 43I

=l NI REE RN L L EREY L EREARNNTRELSERIRIELLLLIRNEN]NELESYRESIERRRLLREERLELRSLLLELLERRSLLRELLELREILERESLELLELLEDEL LLEL RS LELELERLRELELESLLELRELERSLELLE

O O _ 0O
. ooo

O O
O O

OO0 O
O O O
000 ©

AFEAEFESRDARING TR EARARTRARRFNIANFEFS Y NN RN AR id AN FA A G TN NdgEARARASERvAa R EREE NP

re
o EP- i - —

'

|

it ikt il A s Sy b T e s gl v Sl Pl o Y I A Rl — =

45
w
|
L]

"
»
||
m
-
»
»
:
:
o
]
[
&
L
-
-
.
-
-
»
-
:
.
[
[
-
[
¥
.
'
=
-
:
:
-
.
1

»
[ ]
.
[ ]
.
w
w
L
-
L
-
[
[ ]
-
»
»
-
[
[ ]
v
[
L
&
=
-
[ ]
L |
¥
n
r
||
N
[ ]
[ ]
n
[
-
-
-
]
.
»
™
[ 3
[ 3
]
g
n
»
»
-
]
[ ]
-
L
.
[
[ ]
-
n
[ ]
-
|
:
=
-
|
|
|
L
n
|
|
]
™
[ |
[ |
m
]
|
L |
]
Y IR R L LR T N Y Y N IR I TY I Y o

4NN pFEY ESsSEFEERYIETRTEA

806



US 8,165,607 B2

1

SYSTEM AND METHOD FOR ESTIMATING
CELL CENTER POSITION FOR CELL ID
BASED POSITIONING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of U.S. patent

application Ser. No. 10/489,225, filed Sep. 10, 2002 now U.S.
Pat. No. 7,672,675, titled “System of Utilizing Cell Informa-
tion to Locate a Wireless Device,” which claims priority

under Section 119(e) to U.S. Provisional Application Ser. No.
60/318,806, filed Sep. 10, 2001, each of which are incorpo-
rated into this application by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates generally to positioning systems,
and more particularly, to using wireless communications sys-

tems to provide aiding information to a positioning system.
2. Related Art

In densely built urban areas, the use of a positioning system

such as a Satellite Positioning System (SPS)—for example, a
Global Position System (GPS), also known as NAVSTAR—

1s oiten not available or reliable due to various reasons such
as, for example, multipath, shadowing, and path loss. In many
situations, however, a GPS receiver may be associated with a
cell of a cellular communication network and the base station
serving that particular cell. Accordingly, one method for
mobile phone positioning 1s to use the cell area coverage
information (Cell ID) of the caller as a coarse location esti-
mate to obtain the approximate location of the caller. In urban
areas, cell position accuracy may be as close as 100 meters,
and therefore the center of a cell can be employed as the
alternative position when GPS positioning has a larger error
or 1s not available. The cell ID mformation 1s usually or
always available and reliable, and 1s imndependent of GPS
measurements, and can also be easily obtained by paging or
updating. Thus, the center of a cell may be employed as an
approximate location of a mobile communication device
located within that cell.

While the location of the center of a cell may be available
to mobile telephone companies, 1t 1s usually not available to
GPS location providers. Therefore, there 1s a need for provid-
ing systems or methods for making estimated cell center
locations available to GPS location providers.

SUMMARY

According to one aspect of the subject matter disclosed,
systems and methods for estimating a cell center location
provide the estimated cell center location as an approximate
location for a SPS receiver 1n a mobile station. Example
systems for estimating a cell center location 1n a SPS system
may include a SPS server connected to the SPS system to
retrieve a plurality of mobile station locations from mobile
stations 1n a cell 1n a wireless communication system, each
mobile station comprising an SPS recewver. A SPS database
stores the plurality of mobile station locations and a cell
identifier to identify the cell in which the mobile station 1s
obtaining wireless communications service. A cell center
location estimator calculates an estimated cell center location
by obtaining N mobile station locations assumed to be uni-
formly distributed 1 a cell 1 and calculating a statistical
measure of the mobile station locations, where the statistical
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2

measure 1s either a maximum likelthood mobile station loca-
tion or a mean mobile station location.

Other systems, methods, features and advantages of the
invention will be or will become apparent to one with skill 1n
the art upon examination of the following figures and detailed
description. It 1s mtended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the mvention, and be
protected by the accompanying claims.

BRIEF DESCRIPTION OF THE FIGURES

The invention can be better understood by referring to the
following figures. The components in the figures are not
necessarily to scale, emphasis mstead being placed upon
illustrating the principles of the invention. In the figures, like
reference numerals designate corresponding parts throughout
the different views.

FIG. 1 15 a block diagram of an example of a system for
providing location-based services;

FIG. 2 1s a block diagram of a portion of the system 1llus-
trated 1n FI1G. 1;

FIG. 3 1s a block diagram of the system 1n FIG. 1 1llustrat-
ing operation of a positioning system and a wireless commu-
nications system;

FIG. 4 1s a block diagram of a portion of the system 1llus-
trated 1n FIG. 1 that implements examples of systems and
methods for estimating a cell center 1n a wireless communi-
cation system;

FIG. 5A 1s a schematic diagram 1llustrating an example of
a method for estimating a cell center;

FIG. 3B 1s a flowchart of an example of a method for
estimating a cell center location;

FIG. 5C 1s an example of an X-Y graph showing locations
of mobile stations 1n four example cells;

FIG. 6A 1s a schematic diagram illustrating another
example of a method for increasing accuracy of an estimated
cell center location;

FIG. 6B 1s a flowchart of another example of a method for
estimating a cell center location;

FIG. 7A 1s a schematic diagram 1illustrating another
example of a method for increasing accuracy of an estimated
cell center location;

FIG. 7B 1s a flowchart of another example of a method for
estimating a cell center location;

FIG. 8 1s a schematic diagram 1llustrating another example
of a method for estimating a cell center; and

FIG. 9 1s a schematic diagram illustrating an example of
another method for estimating a cell center.

DETAILED DESCRIPTION

In the following description, reference 1s made to the
accompanying drawings that form a part hereot, and 1n which
1s shown by way of illustration one or more specific exem-
plary embodiments 1n which the invention may be practiced.
It 15 to be understood that other embodiments may be utilized
and structural changes may be made without departing from
the scope of this invention.

FIG. 11s a graphical representation of three cell sites within
a cluster of cells of a cellular telephone network (known as the
“cellular network™). FIG. 1 1llustrates a plurality of cells 100,
102 and 104 1n the cellular telephone network. Consistent
with convention, each cell 100, 102 and 104 1s shown sym-
bolically as having a hexagonal cell boundary. Within each
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cell 100, 102 and 104 are base stations 106, 108 and 110 that
are located near the center and/or centroid of the correspond-
ing cell 100, 102 and 104. Specifically, the base station 106 1s
located within cell 100, the base station 108 1s located within
cell 102, and the base station 110 1s located within cell 104.

The boundaries 112, 114 and 116 separating the cells 100,

102 and 104 generally represent an area where handoif occurs
between the cells 100, 102 and 104. As an example, when a
wireless device 118 (also known as a “mobile umit” or
“mobile station™) moves away from the base station 106 1n the
cell 100 towards an adjacent base station 108 in the adjacent
cell 102, the signal-to-interterence plus noise ratio (“S/I+N”’)
from the base station 106 will drop below a predetermined
threshold level while, at the same time, the S/I+N from the
second base station 108 increases above this predetermined
threshold as the wireless device 118 moves over the boundary
112 into the cell 102. Cellular systems are designed to provide
coverage from each base station within areas that roughly
overlap at the boundanies 112, 114 and 116. In addition,
wireless devices are designed to receive signals from various
base stations and are capable of mitiating a handoif 11 the
signal level of one station 1s stronger than the one currently
being used for communication.

Each cell 100, 102 and 104 and 1ts corresponding base
station 106, 108 and 110 1s in signal communication with a
cellular network server 120, via signal paths 122, 124 and
126, respectively. The cellular network server 120 1s gener-
ally a switching network server that may include telecommu-
nication switches (not shown) and a central office (not
shown). The cellular network server 120 controls the opera-
tion of the base stations 106, 108 and 110 and may assign
individual cellular identification values to the base stations
106, 108 and 110 corresponding to the identification values
for cells 100, 102 and 104.

These 1dentification values may then be transmitted via a
two-way channel or a broadcast channel to individual wire-
less devices (such as wireless device 118) located in the
cellular network and utilized for 1dentifying the location of
the wireless device 118 relative to a specific cell. As an
example, when the base station 106 broadcasts a cellular
identification value (also known as a “cellular tag” or “cell
ID”) for cell 100, wireless device 118 would receive the
broadcast signal and respond to base station 106 identifying
itsell as wireless device 118 located within the coverage area
of cell 100. This 1dentification may take place at any time
when the wireless device 118 and base station 106 are com-
municating such as 1n the initial cellular handshake procedure
or at a later time. Accordingly, after the wireless device 118
and base station 106 exchange this information, the wireless
device 118 contains the cell ID and the base station 106
contains an 1dentifier of the wireless device 118.

As another example, when base stations 106, 108, 110
broadcast their cellular identification value (also known as a
“cellular tag”) for the cells 100, 102 and 104, the wireless
device 118 would recerve the broadcast signals. These signals
are sent through the base station 106 (through which 1t 1s
communicating) i1dentifying itself as wireless device 118
located within the coverage area of cell 100. This identifica-
tion may take place at any time when the wireless device 118
and base station 106 are communicating such as in the mitial
cellular handshake procedure or at a later time. During this
exchange of information, the cellular network server 120
registers the wireless device 118 as being within cell 100 and
communicating via base station 106. The registration of the
wireless device 118 may 1involve storing or linking the cell ID
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4

ol the base station 106 (and cell 100) with the identifier of the
wireless device 118 1n a database within the cellular network.
When the wireless device 118 moves 1nto another cell, the
cellular network would update its database to link the wireless
device 118 to the cell ID of the cell it entered into. In examples
of systems and methods for aiding positioning systems con-
sistent with the present invention, the cellular 1dentification
values may advantageously be used as approximate location
aids for the wireless device 118.

FIG. 2 1s a block diagram illustrating an example of an
implementation of a mobile unit location system (“MULS”)
200, which may receive SPS signals from a SPS constellation
202. The MULS 200 may include a mobile unit (1.e., a wire-
less device) 204 and a cellular network server 206. The cel-
lular network server 206 may include a base station 208, a
central office 210, an SPS continuous reference network 212,
a database 214, and an end user 216. The base station 208 may
also be optionally independent of the cellular network server
206. The central office 210 1s 1n signal communication with
the base station 208, SPS continuous reference network 212,

database 214 and end user 216 via signal paths 218, 220, 222

and 224, respectively. Additionally, the SPS continuous ref-
erence network 212 may be optionally 1n signal communica-
tion with the database 214 via optional signal path 226.

The base station 208 15 a fixed device that may include a
cellular tower and the associated equipment with which the
mobile unit 204 may communicate. The base station 208
communicates with a landline telephone network (whether
private or public) such as the plain old telephone service
(“POTS”). The central office 210 (also known as a “public
exchange™) 1s generally a facility where lines of a subscriber
are joined to switching equipment for connecting with other

subscribers whether locally, or by long distance. The SPS
continuous reference network 212 1s a fixed device and asso-

ciated equipment for receiving SPS signals from the SPS
constellation 202 via signal path 225. The database 214 may
store location information of the mobile unit 204 with asso-
ciated information of a cell. The associated information of a
cell may include the cellular identification of the cell, as well
as characteristic information of the cell measurable by a

mobile unit in the cell such as signal strength, bit error rate
(BER), propagation delay and/or multipath of the signal
transmitted by the base station to the mobile unit within the
cell, the number of fingers in a rake recerver and their relative
delays and phases, and the like. In addition, 1n accordance
with implementations described below, the database 214 may
also include estimated parameters of one or more cells, such
as the mass center and radius of a cell. Such parameters may
be updated over time, and may be utilized for estimating the
position of a mobile unit within the cell such as the mobile
unmit 204. The end user 216 may be any end user such as a
program, application, utility, subsystem or actual individual
that desires the location information of the mobile unit 204
including a user of the mobile unit 204.

The mobile unit 204 may include a SPS receiver 226 and a
cellular transceiver 228. The SPS receiver 226 receives SPS
signals from the SPS constellation 202 via signal path 230 and
the cellular transceiver 228 is 1n signal communication with
the base station 208 via signal path 232. Examples of the SPS
receiver 226 include the SiRFstarl, SiRFstarll and SiRFs-
tarlII GPS recervers produced by SlRF Technology, Inc. of
San Jose, Calif., the GPSOne GPS receiver produced by
Qualcomm Incorporated of San Diego, Calif., or any other
GPS recetver capable of operation within the mobile unit 204.

The cellular transceiver 228 (also known as “call processing
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function”) may be any radio frequency (“RF”), Amps,
FDMA, TDMA, GSM, CDMA, W-CDMA, CDMA-2000 or

UMTS type transceiver.

FIG. 3 1s a block diagram 1llustrating a simplified example
of an implementation of the MULS 300 in a typical cellular
telephone environment. The MULS 300 includes a mobile
unit 302, a base station 304, central office 306, SPS continu-
ous reference network 308, database 310 and end user 312.
The mobile umit 302 may include a SPS client 314 such as a
S1RFLoc client and a call processing function 316 such as a
RF, Amps, FDMA, TDMA, GSM, CDMA, W-CDMA,
CDMA-2000 or UMTS type transceiver. The base station 304
includes the fixed device such as radio tower 318 and the
associated infrastructure 320. The central office 306 includes
an SPS server 322 such as S1RFLoc server and a central office

server 324. As an example, the central office server 324 may
include a Serving Mobile Location Center (SMLC)/Global
Mobile Location Center (GMLC) as defined 1n the wireless
location standard for GSM. The central office server 324 may
include switching components and electronics for performing
the wireless telecommunications functions of the central
office 306. The SPS continuous reference network 308
includes a SPS reference recerver 326 and a SPS data center
328. The SPS continuous reference network 308 and the
mobile unit 302 both recetve SPS signals from the SPS con-
stellation 330.

As an example of operation, the SPS continuous reference
network 308 collects data, from the SPS constellation 330 1n
the system coverage area 1n real-time, and stores collected
data locally 1n a memory unit (not shown) within the SPS
continuous reference network 308. Based on the coverage
area, multiple reference receivers 326 may be used 1n the
system. Periodically, the SPS server 322 polls, via signal path
332, the data from the SPS continuous reference network 308
related to the SPS client 314, and caches it 1n 1ts internal
memory unit (not shown) 1n the SPS server 322, so that it may
be reused for another SPS client (not shown) without polling,
it again 11 1t 1s relevant to subsequent SPS clients (not shown).
This information 1s then transmitted to the SPS client 314 via
signal path 334, which 1s the signal path through the central
olfice 306, base station 304 and call processing function 316.

It 1s appreciated that the combining of cellular identifica-
tion information with the mobile unit 302 location may take
place either within the SPS subsystem (i.e., the SPS client)
314 or within the call processing function 316 or even 1n the
SPS server 322. In the one example, the cellular identification
information 1s transierred from the call processing function
316 to the SPS client 314 and tagged to the computed position
(1.e., latitude, longitude and altitude data). In another
example, the location from the SPS client 314 1s sent to the
call processing function 316 where 1t 1s tagged to the cellular
identification information. This tagged data 1s then sent as a
message, over the wireless network, to database 310 where 1t
1s stored. In a third example, the location from the SPS client
314 and the cellular identification information are received as
different messages from the same SPS client 314 during the
same geolocation session, and associated together at the SPS
server 322.

The MULS 300 advantageously provides the mobile unit
302 with additional surrounding information (1.e., an
approximate location aid) from the database 310. As a result
of providing this approximate location aid, a SPS receiver
may be jump-started to provide position information for the
mobile unit 302 more quickly. Knowing the approximate
location of the mobile unit 302 also helps the mobile unit 302
expedite 1ts location calculations.
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Three general situations may apply to a given mobile unit
located 1n a given cell when the mobile unit or a remote party
desires to know the position of the mobile unit. First, the GPS
location of the mobile unit may be available due to, for
example, the proper functioning of the GPS components
embedded with the mobile unit. In this case, the mobile unit
does notrequire positioning assistance. Second, GPS location
information may be available, but 1s determined to be unrel:-
able due to 1naccuracy or uncertainty. In this case, the mobile
unit may require position assistance information 1 the posi-
tion assistance information available at the time 1s determined
to be more reliable than the GPS location information. Third,
the GPS location of the mobile unit may be not available at all
due to, for example, a failure of the GPS components embed-
ded with the mobile unit. In this case, the mobile unit requires
position assistance mnformation to calculate its position. In the
implementations described by way of example below and
illustrated 1n the drawings, position assistance mnformation
may include the estimated center of the cell in which the
mobile unit 1s located. The actual location of the center of a
cell 1s not needed to provide cell ID based positioning. Like-
wise, the actual location of the base station 1s not needed. As
previously noted the base station may not be located at the
center of the cell and thus 1s not necessarily the best estimate
of the location of a mobile device within the cell. Thus, the
implementations described and 1illustrated below are opera-
tive 1n situations where the location of the cell center 1s not
available.

FIG. 4 1s a schematic diagram 1llustrating use of systems
and methods for estimating cell center locations to acquire
coarse location estimates to an SPS receiver that 1s unable to
obtain its position with suitable accuracy and precision, or 1s
attempting to locate 1tself on startup. The diagram 1n FI1G. 4
shows three adjacent cells, a first cell 400, a second cell 402,
and a third cell 404. Each cell 1s serviced by a first base station
406 1n the first cell 400, a second base station 408 1n the
second cell 402, and a third base station 410 1n the third cell
404.

The base stations 406, 408, 410 provide service to the
mobile stations 1n their respective cells. The first base station
406 provides service to mobile stations MSA 430, MSB 431,
and MSC 432 1n cell 400. The second base station 408 pro-
vides service to mobile stations MSD 433, MSE 434, and
MSF 435 in cell 402. The third base station 410 provides
service to mobile stations MSG 436, MSH 437, and MSI 438
in cell 404. Each base station 406, 408, 410 may be connected
via a variety of signal paths and combinations of signal paths
(some of which are described above with reference to FIGS.
1-3) to a SPS server 422. The SPS server 422 includes an
interface to a SPS database 410 and an interface to a cell
center estimator 424. The SPS server 422 may recerve loca-
tion information and cell ID information from the mobile
stations 1n the cells as described above with reference to
FIGS. 1-3. The SPS database 410 may receive and store the
location mnformation including cell ID information for each
mobile station 1n each cell. The location and cell ID informa-
tion 1n the SPS database 410 may be accessed and used by a
cell center estimating function to estimate the location of the
center of the cell.

In examples of systems and methods for estimating cell

center locations, the SPS database 410 may include data for

cach mobile station in each cell serviced by the SPS server
322. Table 1 shows examples of the data that may be included
in the SPS database 410.
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TABLE 1
Estimated
Mobile  Mobile Station Horizontal Cell Cell Center
Station Id Position Variance (V) Identifier Location
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In Table 1, the Mobile Station Id may be any suitable
identifier that uniquely identifies the mobile stations 1n each
cell. The Mobile Station Id 1s shown symbolically as MSA,
MSB, MSC, MSD, MSE, MSFE, MSG, MSH, and MSI 1n
Table 1. Actual Id’s may include the mobile station cellular
telephone number assigned to each mobile station, an IP
address, or any other suitable identifier. The mobile station
position 1 Table 1 includes latest positions calculated for
cach mobile station. Each mobile station shown in Table 1
includes a SPS client and operates 1n the positioning system
as described above. During operation, the mobile station posi-
tion 1s periodically updated by the SPS positioning system.

The SPS positioning system may also calculate a horizon-
tal variance V, for the mobile station (j). The horizontal vari-
ance V, 1s the variance of the location ot the mobile station j in
a flat, two-dimensional (X,v) space defining the area of the cell
relative to 1ts true position. The horizontal variance may be
calculated as a 2x2 symmetrical matrix including an SPS
positioning variance along the north axis (i.e. 0,°), an SPS
positioning variance along the east axis (i.e. 0.°), and a
variance relative to both axes (i.e. 0,>). The SPS positioning,
variances, 0,~, Oz, Orz, are determined during acquisition
of a location by the mobile stations and available when the
mobile station locations become available.

Table 1 also includes a cell i1dentifier, which may be a
unique number, alphanumeric sequence, or other suitable
symbol or token for identifying the cell. The Cell identifier
may be provided by the wireless telecommunications system

as described above.
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Also as shown 1n Table 1, the database may include an
estimated cell center location. The estimated cell center loca-
tion 1s a calculated estimate of the cell center location, which
1s a center of the area serviced by the cell. The estimated cell
center location may not be the exact true center of the service
area of the cell; 1t may only be an approximation suificiently
accurate for use as an estimated location for a mobile station
in the cell. In systems and methods for estimating the cell
center location, the cell center estimator 424 uses the loca-
tions of mobile stations (as determined by the SPS position-
ing system) serviced by the cell to estimate the center of the
cell as described below. The cell center estimator 424 may
obtain the mobile station location from a database such as the
SPS database 410.

The cell radius 1n Table 1 may be periodically calculated
and/or updated each time an estimated cell location 1s deter-
mined. The cell radius may be calculated as one step in
determining the estimated cell center location. The calculated
cell radius may then be used as described below to determine
a more accurate estimated cell location, which may be used to
update the cell radius. The cell radius may be mnitially calcu-
lated without a starting cell center location by starting with
the positions of all of the mobile stations 1n the cell and
mapping an area covered by the mobile stations at the loca-
tions. A circle may be defined around the area that includes all
of the mobile stations. The shape of the cell 504 1s of no real
significance. The actual shape of a cell 1s actually defined by
the outward distances to which a cell 1s able to provide service
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to a mobile station. Cells may actually overlap 1n coverage.
The cell shape 1s defined as circular as a first step 1n the
process. An 1nitial circle radius may be defined as a distance
just greater than half of the largest distance between any two
mobile stations.

During operation, the mobile station may not be able to
obtain a position, whether not at all, or with a desired accu-
racy. Also, 11 the mobile station 1s turned off, or 1ts positioning,
capability 1s disabled, the mobile station position 1n the data-
base may not be accurate when the mobile station 1s re-
iitialized. Such a mobile station may take the last estimated
cell center location and use it as 1ts own location.

In FIG. 4, the cell center location for cell 1 1s 5(1,, {’lj the
cell center location for cell 2 is X,.Y,, and the cell center
location for cell 3 1s 5(3,,‘?3. As described graphically 1n FIG.
4, the cell center locations do not coincide with the base
stations. The following describes systems and methods for
estimating a cell center location to set as the cell location,
which may be used by a mobile station served by the cell as its
location when the mobile station 1s unable to obtain 1ts own
location, or 1s initializing its positioning capabilities. As
described below, the estimated cell center location 1s a
derived location calculated from statistical measures of the
mobile station locations 1n the cell. The statistical measures
are based on assumptions about the distribution of the mobile
stations 1n the cell. In one example below, the statistical
measure selected for estimating a cell center location 1s a
maximum likelthood mobile station location based on a
(Gaussian distribution for mobile station locations with a large
variance. In another example, the mean of the mobile station
locations 1s selected as the statistical measure. Those of ordi-
nary skill in the art will appreciate that other measures may be
used.

An example cell 504 1s 1llustrated in FI1G. SA as a circle. For
purposes of estimating a cell center position, a function (such
as the cell center estimator 424 1n FI1G. 4) may obtain mobile
station location data 1n a cell from a database such as the SPS
database 410 in FIG. 4. The data for each mobile station
served by a target cell (i.e. cell 504) may be retrieved and
modeled as a circle as shown 1n FIG. 5 1n which the perimeter
of the circle 1s a cell border 508, the center of the circle 1s an
estimated cell center (or cell location) 512, and the small
circles 1nside the cell border 508 are mobile stations 510
served by the cell contained 1n the cell border S08, where each
mobile station 510 1s also an SPS recetver. The radius R 1n
FIG. 5 1s the 1mitial cell radius calculated as described above.
The mobile stations 510 are assumed to be uniformly distrib-
uted within the cell border 508. Thus, the SPS position esti-
mate for each mobile station 1s assumed to be a Gaussian
distribution with the true position being the mean with a
variance V.

In accordance with the notation below, 1 1s a mobile station
(1.e. SPS recerver) and 1 1dentifies a cell. The mitial radius of
the cell 1s r, 1n the equations below. The positions of the SPS
receivers are defined as X, y coordinates along north and east
axes. The variance V ; of the true position ot a SPS receiver
relative to an estimated cell center may be calculated as fol-
lows.

]
+VJ,'

0 o

f

o 0 (1)

The value 0; 1s the variance of the SPS receiver’s true
position relative to the true cell center. The value 0{;,.2 may be
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10

determined 1n a variety of ways. The true value of Cfg,.2 n a
given cell may be assumed to be relatively large since very
little 1s known about the true position of the cell center. In one
example, 0; may be defined to be 0;:(1'0/ 2). The variance
V,1s a 2x2 matrix that may be retrieved from the database (an

example of which 1s shown in Table 1). The equation for V
then becomes:

(roii /2)* 0 (2)
+ V;

N
|

1

0 (rmj /2)2 |

Based on Eq. (2), the estimated cell center location X . may be
determined to be the maximum likelihood location according
to:

1-1

(3)

<
[l

N N X
c Z Vi’ Z Vi'X;

| =1 | J=1

where f{j 1s the true position of each mobile station 1, assumed
to be the position calculated by the SPS positioning system.

Equations (2) and (3) may be re-written to provide an
approximate accuracy for the estimate of the position based
on a certain number of SPS recervers, or to calculate the
number of SPS receivers needed to achieve a certain accuracy
of the cell location estimate (which 1s also the coarse location
accuracy when SPS signal 1s not available).

y) )
It crg-::'::-crzw and T>>0g,

” 0 | (4)
+VJ,'2

0 o

L. : i

o2 0 o2
2

Then, the cell location can be approximated using the mean
mobile station location and sample variance as:

A A ()
Xﬂiﬁ— XJ,
szl
. 1 o‘%, 0 (6)
var(X ;) = —
Mo oy

The variance 1 one axis given the assumption above for

Equation (4) 1s:

(7)

G-(I.E —~ EU-U
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0y (8)
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The number of mobile stations needed 1n a cell to estimate the
cell center to a desired accuracy may be determined using;:

(9)

The equations (1)-(35) above may be implemented 1n hard-
ware/software functions, For example, the cell center estima-
tor 424 that may operate 1n the SPS server 422 as shown in
FIG. 4, for example. The cell center estimator 424 may oper-
ate as part ol the SPS server 422 or in communication with the
SPS server 422. The cell center estimator 424 may operate
periodically to keep the estimated cell center location updated
as the number of GPS receivers increases or decreases within

the cell. In one example, the cell center estimate 1s updated
along with an approximation of the accuracy of the estimate.
The estimated location may then be updated when the
approximate accuracy increases beyond the previously cal-
culated accuracy.

FIG. 3B is a flowchart of an example of a method 500 for
determining an estimated cell center location. The method
500 in FIG. 3B may be performed 1n software by a function
such as the cell center estimator 424 with access to an SPS
database with a structure similar to that shown 1n Table 1. In
the method 500, the locations of each of N mobile stations 1n
the cell of interest (1) as determined by the SPS positioning
system are accessed as shown 1n step 520. The mobile station
locations may be accessed from a database, such as the SPS
database 410 described above with reference to FIG. 4. FIG.
5B includes an OR function block 521 indicating that the
method may proceed in one of two ways. The method may
continue from Step 520 to Step 522 or from Step 520 to Step
534. Examples of the method 500 1n FIG. 5B may include
both paths, or one or the other. If the method 500 proceeds to
Step 522, the longest distance between any two mobile sta-
tions 1s determined 1n Step 522. The longest distance may be
determined by calculating the distance between all of the
mobile stations and selecting the largest distance. The two
mobile stations that are farthest from each other may be
assumed to be at opposite edges of the cell. In step 524, an
initial cell radius 1s defined as half the distance between the
two mobile stations that are farthest from each other. In step
526 the 1nitial radius of the cell 1s used to calculate the value
Oy , which 1s the variance of the SPS recerver’s true position
relative to the true cell center. This value 1s determined for
cach mobile station 1n the cell. In step 528, the SPS variance
relative to the true position for each mobile station 1n the cell
(V,) may be retrieved from the database. At step 530, the
variance V; of the mobile station relative to the estimated cell
center location 1s calculated using, for example, equation (2)
above for each mobile station. In step 532, the variance V ; for
each mobile station, and the location of each mobile station
(X,) are used to calculate the estimated cell center location
using equation (3) above, which calculates the maximum
likelihood mobile station location in the cell.

If at OR function block 521 the method 500 proceeds to
step 334, then the mobile station locations obtained 1n Step
520 are used to calculate a mean mobile station location
according to Equation (5) above. Additional steps may be
performed to determine the accuracy given the number of
mobile station locations used, or to determine the number of
mobile stations required to obtain a desired accuracy as
described above 1n Equations (8) and (9).

The estimate of the cell center location may be made more
accurate by filtering the mobile station locations used 1n esti-
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mating the cell center location to exclude mobile station
locations that may not fit with the assumption that the mobile
stations are uniformly distributed. FIG. 6A shows one
example of a mobile station location filter 1n which a cell 604
1s again 1llustrated as a circle 608 having a radius ‘r’ (which
may be r,) and contaiming mobile stations 610 served by the
cell. An mitial cell center estimate 612 at the center of the
circle 608 may be determined using examples of methods
described above with reference to FIGS. 5A & 5B. In an
example of a method for increasing the accuracy of the cell
center estimate, a more accurate cell center estimate may be
determined by redefimng the circle 608 with a minimum
radius ‘r’ that would encircle a certain percentage of the
mobile stations 610 served by the cell 504. The percentage
may be selected according to a desired accuracy level 1n view
of Equation (9) above for the number ‘N’ of mobile stations
required to obtain a desired accuracy level. In the method
illustrated by FI1G. 6 A, reducing the coverage area may elimi-
nate the effect that outliers may have on the accuracy of the
cell center estimate. Outliers would include outlier mobile
stations 620 that are sulliciently far from the rest of the mobile
stations that the positions would make the distribution of the
mobile stations less uniform.

FIG. 5C shows an X-Y graph showing example mobile

stations locations plotted on X-Y coordinates for four
example cells. The cells in FIG. SC are a first cell 550, a

second cell 552, a third cell 554 and a fourth cell 556. The
legend indicates where 1n the graph are located: a true cell
posﬂ;lon (for each of the four cells), a maximum likelihood
cell estimate, the GPS locations for mobile stations in the first
cell 550, the GPS locations for mobile stations 1n the second
cell 552, the GPS locations for mobile stations in the third cell
554, and the GPS locations for mobile stations 1n the fourth
cell 556. The graph in FIG. 5C 1llustrates how mobile station
locations may be mapped 1n cells

In the example shown 1n FIG. 6 A, the radius 1s minimized
sO as to cover a percentage (e.g. 95%) of the mobile stations
(1.e. SPS receivers) 1in the cell 604. As shown 1n FIG. 6A, a
radius ‘r’ may be defined by determining the distance of each
ol the mobile stations from the 1mitial cell center estimate 612
using the mobile station location information. An initial
radius ‘r’ may be defined as the distance from the initial
estimated cell center to the most distant mobile station. The
radius may then be reduced and compared with the distances
of the mobile stations until the desired percentage of mobile
stations are within a minimum radius. The locations of the
mobile stations within the circle defined by the minimum
radius ‘r’ may then be used 1n the equations above to deter-
mine another cell center estimate. The process may be peri-
odically performed to adjust the cell center estimate to be
more accurate. If the cell radius 1s stored 1n the database, the
cell radius may be updated each time the cell center estimate
1s adjusted.

FIG. 6B 1s a flowchart of a method 600 for obtaining a more
accurate estimate of the cell center location. The method 600
illustrated by 1n FIG. 6B may be pertormed in the cell center
estimator 424 (in FIG. 4) and may be performed subsequent
to the method 500 1llustrated 1n FIG. 5B. The method 600
includes step 630 1n which the locations (as determined by the
SPS positioming system) of all N mobile stations may be
retrieved from a storage element (such as a database with a
structure similar to that of Table 1). At step 632, the method
determines the distance of each mobile station from the esti-
mated cell center X . as calculated for example, by using
method 500 1n FIG. 53B. At step 634, the method 600 searches
tor the distance between the estimated cell center location and
the mobile station that 1s farthest away from the estimated cell
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center location. This distance 1s defined as the new 1nitial cell
radius (r,). In step 636, a minimized cell radius (r, ) 1s calcu-
lated as r,=P % of r, and 1n step 636, or in a separate step, a
loop counter 1s 1nitialized to 1. At decision block 638, atestis
performed to determine i the circle defined by radius r,
encompasses P % of the mobile stations 1n the cell. If the test
determines that YES, P % of the mobile stations are 1in the
circle defined by r,, then the cell radius r, 1s set to r, at step
640. At step 642, the calculation of the estimated cell center as
performed using method 500 in FIG. 5B 1s repeated using the
new cell radius r,.

If at decision block 638, P % of the mobile stations 1n the
cell are not within the circle defined by r,, then at decision
block 644 a second test 1s performed to determine 1f fewer
than P % of the mobile stations 1n the cell are within the circle
defined by r,. If fewer than P % of the mobile stations are
within the circle defined by r,, then r, 1s increased by a
predetermined value Ar/1 at step 646 to make the circle big-
ger. IT decision block 644 determines that the number of
mobile stations 1n the circle defined by r, 1s not fewer than P
% of the mobile stations then 1t 1s greater than P % of the
mobile stations. At step 648, the radius 1s decreased by a value
Ar/1. The method 600 in FIG. 6B may loop at decision blocks
638 and 644 so that 1t may take many passes through decision
blocks 638 and 644 to get to a radius for a circle that encom-
passes P % of the mobile stations. The loop counter, 1, 1s
incremented at step 650 each time the loop 1s executed to
decrease the incremental amount that the radius 1s increased
or decreased.

The method 600 1n FIG. 6B may augment the method 500
of FIG. 3B to determine a more accurate cell center location
by filtering the sample size to include the mobile stations that
are more uniformly distributed; that 1s, by removing any
outliers that may limit the validity of assuming that the mobile
stations are umiformly distributed. Another example of a
method for increasing accuracy of a cell center estimate 1s
shown 1 FIGS. TA & 7B. In FIG. 7A, a cell 704 1s again
illustrated as a circle 708 with an 1mitial cell center estimate
712. The cell 704 serves a number of mobile stations 710. In
the example shown 1n FIG. 7A, the distance of the most
distant mobile station in a percentage of the mobile stations
served by the cell 1s minimized to remove the effect of outlier
mobile stations 720. The maximum distance in the percentage
of mobile stations may be minimized by {irst determining the
distance of each of the mobile stations from the initial cell
center estimate 712 using the mobile station location infor-
mation. The distances of the mobile stations are then analyzed
by selecting the desired percentage of mobile stations that are
closest to the estimated cell center location. The cell center
estimator 424 may then re-calculate an estimated cell center
using the mobile station locations for the selected percentage
of the mobile stations. The process may be periodically per-
tormed to adjust the cell center estimate to be more accurate.
I1 the cell radius 1s stored 1n the database, the cell radius may
be updated each time the cell center estimate 1s adjusted.

FIG. 7B 1s a tlowchart of a method 700 for increasing
accuracy of a cell center estimated location. The method 700
illustrated by 1n FIG. 7B may be pertormed in the cell center
estimator 424 (1n FIG. 4) and may be performed subsequent
to the method 500 illustrated 1n FIG. SB and/or the method
600 illustrated 1n FIG. 6B. The method 700 includes step 730
in which the locations (as determined by the SPS positioning
system) ol all N mobile stations may be retrieved from a
storage element (such as a database with a structure similar to
that of Table 1). At step 732, the method determines the
distance of each mobile station from the estimated cell center
X . as calculated for example, by using method 500 1n FIG.
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5B, or by method 600 1n FIG. 6B. At step 734, the method 700
searches for the distance between the estimated cell center
location and the mobile station that 1s farthest away from the
estimated cell center location. This distance 1s defined to be an
initial cell radius r,. At step 736, a function 1s performed to
determine the distance between the estimated cell center Xci
and the mobile station that 1s closest to a radius, rl, that
defines a circle that encompasses P % of the mobile stations 1n
the cell. For example, this may be done by arranging the N
mobile stations in order from closest to farthest relative to the
estimated cell center location. Then the first P % of the N
mobile stations are 1dentified to be within circle defined by the
reduced cell radius. A radius r, 1s then defined to be the cell
radius at step 740. At step 742, the calculation of the estimated
cell center location using method 500 1n FIG. 5B may then be
performed using only the P % of the mobile stations 1dentified
in step 736.

In some cases, it may not be possible to assume a uniform
distribution of mobile stations 1n a cell. FIG. 8 schematically
illustrates a cell 804 defined as a rectangle 808 1n which
mobile stations are distributed 1n three clusters 810. Each
cluster 810 may be analyzed by assuming each cluster 810 1s
evenly distributed and using the mobile station location infor-
mation 1n each cluster 810 1n equations (2) and (3), or 1n
equation (5) above to determine an estimated center for each
cluster 812, 813, 814. To determine if the mobile station
locations map out in clusters, a method may calculate an
initial cell radius as described above for the entire cell. The
method may then take fractional parts of the initial cell radius
(e.g. 12, V4, 14) and use the parts to draw circles 1n random
locations within the cell. The areas within these circles may
then be analyzed to determine the number of mobile station
locations within the areas and whether the number 1s suifi-
cient to provide a reasonably accurate estimate ol a center
location for the circles. Such a method may use equations (7),
(8), and (9) above to determine the adequacy of the circle
areas being analyzed. This process may be periodically
updated to update the estimated cell center location. In addi-
tion, a check may periodically be performed to ensure that the
mobile stations remain 1n an uneven distribution. The clusters
may also be redefined periodically as mobile stations move
within the cell 804.

In some cases, a mobile station may not be able to locate
itsell using the SPS positioning system because it may be
located 1n a space that does not receive wireless communica-
tions services. FIG. 9 illustrates an example in which a cell
904 1s defined by its entire cell coverage area as a rectangle
908. The mobile stations 912 served by the cell 904 may be
found to cluster 1n one portion of the cell 904. A complemen-
tary area 910, which 1s defined as the whole cell coverage area
908 minus mobile phone clustered areas 912, 1s illustrated 1n
FIG. 9 as a shaded area. It 1s assume that the whole cell
coverage area 908 may be given as a specification, or a param-
cter available to the SPS server. The center 914 of the comple-
mentary area 910 may be used as an alternative location
estimate when an SPS signal 1s not available. In this example,
when a mobile station can not receive SPS signals, 1t may be
assumed to be located 1n some no-signal zones of the cell 904.

The methods described above with reference to FIGS.
5A-9 may be available and implemented 1n the cell center
estimator 424 1n FIG. 4. Because the methods described
above with reference to FIGS. SA and 7B assume that the
mobile stations 1n the cell are uniformly distributed, the cell
center estimator 424 may include a method to determine 11 the
mobile stations are uniformly distributed, or uniformly dis-
tributed 1n clusters (e.g. FIG. 8).
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It will be understood, and 1s appreciated by persons skilled
in the art, that one or more functions, modules, units, blocks,
processes, sub-processes, or process steps described above
may be performed by hardware and/or software. If the pro-
cess 1s performed by software, the software may reside 1 5
soltware memory (not shown) in the SPS server. The software
in software memory may include an ordered listing of execut-
able instructions for implementing logical functions (i.e.,
“logic” that may be implemented either in digital form such as
digital circuitry or source code or 1n analog form such as 10
analog circuitry or an analog source such an analog electrical,
sound or video signal), and may selectively be embodied 1n
any computer-readable (or signal-bearing) medium foruse by
or 1n connection with an instruction execution system, appa-
ratus, or device, such as a computer-based system, processor- 15
containing system, or other system that may selectively fetch
the 1nstructions from the 1nstruction execution system, appa-
ratus, or device and execute the instructions. In the context of
this document, a “computer-readable medium” and/or *“‘sig-
nal-bearing medium™ 1s any means that may contain, store, 20
communicate, propagate, or transport the program for use by
or in connection with the istruction execution system, appa-
ratus, or device. The computer readable medium may selec-
tively be, for example but not limited to, an electronic, mag-
netic, optical, electromagnetic, inifrared, or semiconductor 25
system, apparatus, device, or propagation medium. More spe-
cific examples, but nonetheless a non-exhaustive list, of com-
puter-readable media would include the following: an elec-
trical connection (electronic) having one or more wires, a
portable computer diskette (magnetic), a RAM (electronic),a 30
read-only memory “ROM” (electronic), an erasable program-
mable read-only memory (EPROM or Flash memory) (elec-
tronic), an optical fiber (optical), and a portable compact disc
read-only memory “CDROM?” (optical). Note that the com-
puter-readable medium may even be paper or another suitable 35
medium upon which the program 1s printed, as the program
can be electronically captured, via for istance optical scan-
ning of the paper or other medium, then compiled, interpreted
or otherwise processed 1n a suitable manner 1f necessary, and
then stored 1n a computer memory. 40

What 1s claimed 1s:

1. A method for estimating a cell location for a cell that
provides wireless communication services to a plurality of
mobile stations each mobile station having a Satellite Posi-
tioming System (“SPS”) receiver operating in a positioning 45
system, the method comprising:

obtaining a mobile station location for each of N mobile

stations, where N 1s greater than 1, having a cell 1denti-

fier that 1dentifies the cell, each mobile station location

being determined using the positioning system; and 50
calculating an estimated location of a cell center based on

a statistical measure of the mobile station location of the

N mobile stations 1n the cell where the statistical mea-

sure 1s a maximum likelihood location,

wherein calculating the estimated location of the cell cen- 55

ter based on the maximum likelithood location further

COMprises:

obtaining a variance, Cr;, of a true position of the mobile
station j relative to a true cell center position;

obtaining an SPS variance, V], for each mobile station, j, 60
in the cell,

calculating a cell location variance, V,,, of a true position
of each mobile station 7 in the cell relative to the
estimated cell center location as a function of 0; and
V1, and 65

using the variance, V,;, of each mobile station j of N to
determine the maximum likelthood location.
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2. The method of claim 1 including;:

determining i the end mobile stations are uniformly dis-
tributed 1n the cell before calculating the estimated loca-
tion of the cell center.

3. The method of claim 1 further comprising the steps of:
determiming an 1mtial cell radius, r,; and

setting, 0;:(1'0/ 2)°.

4. The method of claim 1 where the step of calculating the

estimated location of the cell center1s based on a mean mobile
station location, which turther comprises:

for the N mobile stations, calculating the mean using:

N
mean mobile station location = Z X j where X j 1§ a vector
J=1

1
N

representation of each mobile station =1 to N.

5. A method for approximating a current mobile station
location for a mobile station comprising;:

retrieving a cell identifier for the mobile station;

calculating an estimated cell center location by performing
the method of claim 1; and

defining the approximate current mobile station location to
be the estimated cell center location.

6. A non-transitory computer readable medium having a
plurality of instructions for performing programmed func-
tions including the method of claim 1.

7. A system for estimating a cell center location 1n a satel-
lite positioning system (“SPS”) comprising:

a SPS server connected to the SPS system to retrieve a

plurality of mobile station locations from mobile sta-

tions 1n a cell 1n a wireless communication system, each
mobile station comprising an SPS recever;

a SPS database for storing the plurality of mobile station
locations and a cell identifier to 1dentify the cell in which
the mobile station 1s obtaining wireless communications
service; and

a cell center location estimator for:

calculating an estimated cell center location by obtain-
ing N mobile station locations, where N 1s greater than
1, distributed 1n a cell 1 and calculating a statistical
measure of the mobile station locations, where the
statistical measure 1s a maximum likelihood mobile
station location,

determining distances between the estimated cell center
location and each of the N mobile stations 1n the cell,

determining an 1nitial cell radius by determining the
distance between the estimated cell center location
and the mobile station that 1s farthest away from the
estimated cell center location,

determining a mimmized radius r, as P % of the initial
cell radius,

determining 11 P % of the N mobile stations 1n the cell are
located within a circle defined by r,, and

if P % of the N mobile stations 1n the cell are located
within a circle defined by r,, then determining a new

estimated cell center location based on a maximum
likelihood location of the P % of the N mobile sta-
tions.

8. The system of claim 7 where the SPS database stores a
horizontal variance, V, of each mobile station location as
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determined by the SPS positioning system; and the cell center
location estimator further comprises:
a variance calculation function for calculating a variance of
a true position of each of the N mobile stations relative to
an estimated cell center as a function ot V ; and
a maximum likelithood mobile station location function for
calculating the maximum likelihood mobile station
location as a function of the variance of the true position
of each of the N mobile stations relative to the estimated
cell center location and the N mobile station locations.
9. The system of claim 8 where:
the variance calculation function calculates the variance of
the true position of each of the N mobile stations relative
to the estimated cell center location using:

+ VJ,',

where szz 1s a variance of a true position of the mobile
station  relative to a true cell center position, and where
0,°=(r,/2)* where 1, is the initial cell radius; and

the maximum likelithood mobile station location function
calculates the maximum likelihood mobile station loca-
tion using:

1-1

N
—1
i=|2, Y

| =1

>
[l

N
DL Vi'X;

J=1

for the cell 1, where N 1s the number of mobile stations 1n

the cell.

10. The system of claim 7 where the cell center location
estimator further comprises a mean mobile station location
function to calculate a mean mobile station location of the N
mobile stations.

11. The system of claim 10 where the mean mobile station
location function calculates the mean mobile station location
using:

N

mean mobile station location = EZ X ; where X j 1§ a vector
j=1

representation of each mobile station 1=1 to N.

12. The system of claim 7 where the cell center location
estimator further comprises a mobile station location filter to
find a mimimum radius defining a circle around a first esti-
mated cell center location that includes a selected percentage
of the N mobile station locations where the selected percent-
age of the N mobile station locations are used by the cell
center location estimator to calculate the estimated cell center
location.

13. The system of claim 7 where the cell center location
estimator further comprises a mobile station location filter to
select a selected percentage of the N mobile station location
that are closest to a first estimated cell center location where
the selected percentage of N mobile stations 1s used by the cell
center location estimator to calculate a second estimated cell
center location.

14. The system of claim 7 further comprising;

a cluster center location estimator for defining a plurality of

clusters of mobile stations 1n the cell, each cluster con-
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taining a number N _ of mobile stations where the cell
center location estimator 1s used to determine the cluster
center location for N=N .

15. A non-transitory computer readable medium having
programmed instructions for operation 1n a wireless commu-
nication system that uses a satellite positioning system
(“SPS”), the computer readable medium comprising;

a SPS database interface for retrieving data relating to a

plurality of mobile stations 1 a cell of the wireless

communications system, the data including, for each
mobile station, a mobile station location and a cell iden-
tifier to 1dentity the cell in which the mobile station 1s
obtaining wireless communications service; and
a plurality of programmed 1nstruction for:
calculating an estimated cell center location by obtain-
ing N mobile station locations, where N 1s greater than
1, distributed 1n a cell 1 and calculating a statistical
measure of the mobile station locations, where the
statistical measure 15 a maximum likelihood mobile
station location,

determining distances between the estimated cell center
location and each of the N mobile stations 1n the cell,

determining an 1nitial cell radius by determining the
distance between the estimated cell center location
and the mobile station that 1s farthest away from the
estimated cell center location,

determining a distance between the estimated cell center
location and the mobile station that 1s closest to a
radius rl that defines a circle containing P % of the N
mobile stations 1n the cell, and

determining a new estimated cell center location based
on the maximum likelihood location of the P % of the
N mobile stations.

16. The computer readable medium according to claim 135
where the SPS database stores a horizontal variance, V; of
cach mobile station location as determined by the SPS posi-
tioning system; and the computer readable medium further
COmprises:

a second plurality of programmed 1instructions for calcu-
lating a variance of a true position of each of the N
mobile stations relative to an estimated cell center as a
tunction ot V;; and

a third plurality of programmed 1nstructions for calculating,
the maximum likelthood mobile station location as a

function of the variance of the true position of each of the
N mobile stations relative to the estimated cell center
location and the N mobile station locations.

17. The computer readable medium according to claim 135
turther comprising a fourth plurality of programmed 1nstruc-
tions to calculate a mean mobile station location of the N
mobile stations.

18. The computer readable medium according to claim 135
turther comprising a fifth plurality of programmed instruc-
tions to find a minimum radius defining a circle around a first
estimated cell center location that includes a selected percent-
age ol the N mobile station locations where the selected
percentage of the N mobile station locations are used by the
cell center location estimator to calculate the estimated cell
center location.

19. The computer readable medium according to claim 135
turther comprising a sixth plurality of programmed instruc-
tions to select a selected percentage of the N mobile station
location that are closest to a first estimated cell center location
where the selected percentage of N mobile stations 1s used by
the cell center location estimator to calculate a second esti-
mated cell center location.
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20. The computer readable medium according to claim 15

turther comprising:

a seventh plurality of programmed instructions for defiming
a plurality of clusters of mobile stations in the cell, each
cluster containing a Number N of mobile stations where
the plurality of programmed 1nstruction for calculating
the estimated cell center location 1s used to determine
the cluster center location for N=N ..

21. An apparatus 1n a satellite positioning system (“SPS™)

comprising;

a first interface to a SPS database for retrieving from stor-
age 1n the SPS database a plurality of mobile station
locations corresponding to a plurality of mobile stations
operating 1n a cell of the wireless communication system
and a cell identifier to i1dentity the cell 1n which the
mobile station 1s obtaining wireless communications
service; and

a cell center location estimator for:
calculating an estimated cell center location by obtain-

ing N mobile station locations, where N 1s greater than

1, distributed 1n a cell 1 and calculating a statistical

measure of the mobile station locations, where the

statistical measure 1s a maximum likelihood mobile

station location, and

testing the mobile station locations to determine 11 the

mobile stations are clustered by:

determiming an 1mitial cell radius,

defining a plurality of circles having radii less than the
initial cell radius with centers at random locations
in the cell,

determining 1f each of the plurality of circles defines
an area containing a cluster of umiformly distrib-
uted mobile station locations, and

for each of the plurality of circles that defines a cluster
of umiformly distributed mobile station locations,
determining an estimated cluster center location
based on a maximum likelihood location of the
mobile stations 1n the cluster.
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22. The apparatus of claim 21 where the first interface to
the SPS database retrieves a horizontal variance, V, of each
mobile station location as determined by the SPS positioning
system; and the cell center location estimator further com-
Prises:

a variance calculation function for calculating a variance of

a true position of each of the N mobile stations relative to
an estimated cell center as a function ot V ; and

a maximum likelithood mobile station location function for
calculating the maximum likelithood mobile station
location as a function of the variance of the true position
of each of the N mobile stations relative to the estimated
cell center location and the N mobile station locations.

23. The apparatus of claim 21 where the cell center location
estimator further comprises a mean mobile station location
function to calculate a mean mobile station location of the N
mobile stations.

24.'The apparatus of claim 21 where the cell center location
estimator further comprises a mobile station location filter to
find a minimum radius defining a circle around a first esti-
mated cell center location that includes a selected percentage
of the N mobile station locations where the selected percent-
age of the N mobile station locations are used by the cell
center location estimator to calculate the estimated cell center
location.

25. The apparatus of claim 21 where the cell center location
estimator further comprises a mobile station location filter to
select a selected percentage of the N mobile station location
that are closest to a first estimated cell center location where
the selected percentage of N mobile stations 1s used by the cell
center location estimator to calculate a second estimated cell
center location.

26. The apparatus of claim 21 further comprising:

a cluster center estimator for defining a plurality of clusters
of mobile stations 1n the cell, each cluster containing a
number N _ of mobile stations where the cell center loca-
tion estimator 1s used to determine the cluster center
location for N=N_.

G o e = x
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